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INTERBUILDING FUEL TRANSFER COFFIN 
FOR THE EBR-II REACTOR 

by 

G. J. Bernstein, A. A. Chilenskas, 
and R. F . Malecha 

ABSTRACT 

A 20-ton, portable, lead-shielded coffin has been built 
to t ransfer spent fuel subassemblies from the EBR-II Re
actor to the adjoining Fuel Cycle Facili ty for processing. 
Fission-product heat of about 1 kW is removed by a c i rcu
lating gas s t r eam which is driven by an attached bat tery-
powered blower. An internal heat exchanger t ransfers the 
heat from the coolant gas to the lead shielding. 

Provision is made for removing a coating of sodium 
from the fuel subassennbly while it is within the coffin. 

The principal design features and operations a re 
described. 

I. INTRODUCTION 

The Experimental Breeder Reactor-II ( E B R - I I ) operates on a closed 
fuel cycle. Spent fuel is recycled through a Fuel Cycle Facil i ty where it is 
decontaminated and refabricated for re turn to the reac tor . '1 '2 ) Under nor
mal operating conditions, a fuel subassembly is removed from the reactor 
core after 2 a/o burnup in 135 days. It is cooled for 15 days in the reac tor 
sodium pool and then t ransfe r red to the Fuel Cycle Facility. Normal proc
essing rate requi res one such subassembly transfer in both directions every 
second day. 

A subassembly ready for t ransfer is removed from the reactor pool 
through a top loading port by means of a fuel unloading machine. This ma
chine is then driven to a pit where it discharges the subassembly into the 
fuel t ransfer coffin. The coffin c a r r i e s the subassembly to the Fuel Cycle 
Facili ty where it is removed for processing. A refabricated subassembly 
is re turned to the reactor by revers ing the sequence. 





The fuel t ransfer coffin must fulfill the following requirements: 

1. P rec i se alignment with the fuel unloading machine to permit 
t ransfer of subassemblies . 

2. Adequate shielding for the highly radioactive fuel. 

3. Leak tightness to maintain an inert internal atmosphere and to 
prevent escape of radioactive gases which might be released 
through damaged fuel cladding. 

4. Provision for removing fission-product heat generated within the 
fuel. 

5. Integral power supply for the cooling system, since it must pass 
through an equipment lock. 

6. Provision for removing the coating of sodium that remains on the 
subassembly surface when it is removed from the reactor . 

7. Suitability for handling a variety of subassemblies. 

In addition, severe res t r ic t ions on overall dimensions were imposed 
by a requirement that the coffin had to fit the available head room and open
ings of the Reactor Building equipment lock. 

The design that was adopted and built consists of a steel coffin con
taining an internal tube surrounded by lead shielding. The subassembly is 
held within an inser t tube which fits the center tube of the coffin. Fission 
heat is removed by a gas s t ream which flows through the subassembly and 
then through a heat exchanger which surrounds the center tube. The coolant 
gas is circulated by a posit ive-displacement blower driven by a bat tery-
powered motor. 

II. DESCRIPTION OF THE INTERBUILDING 
FUEL TRANSFER COFFIN 

The general features as well as the function of the operating com
ponents of the coffin a re shown in Figures 1, 2, and 3. 

The main body of the coffin is a steel cylinder about 10 ft high and 
32 in. in d iameter . All interior components, the external piping and valves, 
and the top plate a re made of s tainless steel. The external shell is made of 
mild steel. 

A subassembly is car r ied within a center tube surrounded by lead 
shielding. The lead is 13 in. thick at the sides above the support ring. Be
low the ring, the shielding thickness is gradually reduced to 7 in. because 
of the lower radiation associated with the bottom section of a fuel 
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Figure 1 

FUEL TRANSFER COFFIN, 
FRONT VIEW 

UPPER SEALING SURFACE 

Figure 2 

FUEL TRANSFER COFFIN, 
INTERNAL CONSTRUCTION 





Figure 3 

FUEL TRANSFER COFFIN, 
GAS CIRCULATION SYSTEM 

— MERCURY RESERVOI SHIELDING PLUG 
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A removable insert tube which fits within the fixed center tube pro
vides support for the subassembly and establishes a gas seal to direct 
coolant flow through the interior of the subassembly. Three different in
sert tubes are provided to accommodate the several types of subassemblies 
that must be transported in the coffin. 

Figure 4 shows an EBR-II fuel subassembly and the details of the 
fuel section. The fuel section is the source of most of the fission-product 
heat that must be removed while the subassembly is in the coffin. The total 
self-heating of a fuel subassembly containing 6070 g of fuel that has under
gone 2 a/o burnup in 135 days and has had 15 days cooling is about 1.2 kW, 
if all the beta and gamma energies are absorbed. Par t of the gamma en
ergy is not absorbed in the fuel; about 1 kW will appear in the subassembly, 
and the res t will appear directly in the coffin shielding lead. 

The heat developed in the fuel is removed by transfer to the lead 
shielding. An annular heat exchanger surrounds the fixed center tube and 
is bonded to the shielding lead. An external blower system circulates the 
coffin atmosphere down through the subassembly, and up through the heat 
exchanger. 

The coolant gas is driven by a rotary, lobe-type, positive-
displacement blower (M. D. Blowers, Inc., Model SP-51-3202.5). This 
blower employs a lubricated graphite face seal. Under the conditions of 
operation of the coffin (maximum pressure less than 1 psig), the seal has 





tested leak-tight and the atmosphere in the coffin is oil-free. The difficulty 
often encountered with graphite seals operating in dry atmospheres seems 
to be overcome in this system as a result of the alternate use of air and dry 
argon as the coolant atmosphere. (This application is described in 
Section III.) 

Figure 4 

EBR-II FUEL SUBASSEMBLY 

FUEL PIN 

LOWER 
CAP 

UPPER 
CAP 

FUEL ELEMENT 

FUEL SECTION 

BLANKET SECTION 

108-2428 

The blower is driven by a General Electric 32-V dc motor, Model 
5BC74AB2050, rated at l - l / 4 hp and 3450 rpm. The blower is belt-driven 
with a speed reduction of 3; 1. The use of a relatively high-speed motor was 
dictated by the limited space available for a motor of the required 
horsepower. 

Power for the motor is provided by a battery consisting of 25 Exide, 
type E-3, nickel-iron alkaline cells . The battery has a rated voltage of 
30 V and a rated capacity of 300 Amp-hr at a 50-Amp discharge rate. 
Average current consumption by the motor under operating conditions is 
less than 40 Amp. Tests of the blower system show a fully charged battery 
can drive the blower at approximately 1450 rpm for about 4 hr. The speed 
then falls gradually to about 1100 rpm after a total of 8 hr. These blower 
speeds are equivalent to about 32 and 22 cfm of gas, respectively. The 
lower rate, 22 cfm, is adequate for heat- removal purposes. A normal 
transfer of a subassembly will require less than 4 hr. 





An auxiliary power system is available in the form of a Lincoln 
Electr ic Co. lead-acid bat tery charger which has been converted into a dc 
generator . The generator is driven by a 440-V ac motor which is connected 
to the building's emergency power system. This generator can be used as 
an alternate to the bat tery if the coffin must operate for an extended period 
of tinne. 

The bat tery is recharged by an Exide Model VMG-18-288, 440-V, 
three-phase , 60-cycle charger . The charger is equipped with a temperature-
voltage relay ( T V R ) which automatically terminates the charging cycle after 
the cells a re fully charged. The charging rate var ies from about 65 to 
45 Amp, depending upon the state of charge in the cells . 

The gas circulation loop also includes a filter for removing any par
ticulate mate r ia l such as sodium oxide which may enter the gas s tream. 
The filter is a Cuno Model MG- lL l and has an efficiency of 99% for 5-micron 
particles at a 30-cfm flow ra te . The filter is surrounded by 2 in. of lead 
shielding to reduce radiation from accumulated sodium oxide. Provision 
exists in the gas piping for washing accumulated oxide from the filter. 

As shown in Figures 1 and 2, the gas circulation loop includes two, 
three-way plug valves, one in the outlet line from the coffin interior 
(valve "X"), and the other in the inlet line (valve "Y"). These valves are 
Rockwell-Nordstrom No. 5713-MA-4 flanged, type 3 16 stainless steel, l-l/2-in. 
valves with Stellite-faced plugs. The valves were modified by enlarging 
the port openings in the plug and body to eliminate the shut-off position when 
the plug is rotated from one port position to another. This construction pre 
vents damage that might resul t to the blower if a valve is closed while the 
blo"wer is running. 

The two valves direct the flow of coolant gas through the coffin from 
an external circulation system during loading and unloading operations in the 
reactor building. A gas clean-up and circulation system in the reactor 
building operates in conjunction with the fuel unloading machine. When the 
fuel t ransfer coffin is coupled to the fuel unloading machine, flexible lines 
from the gas clean-up system are connected to valves X and Y. Proper ro 
tation of the valves permits the external system to purge the coffin and cool 
the subassembly within it. Each cooling system may operate independently, 
or both may operate in parallel , as required. 

External connections to valves X and Y are made through quick-
disconnect couplings* attached to the valves. Each coupling half is equipped 
with an internal shut-off valve to reduce the amount of gas that may leak 
when connections a re disengaged. 

*Manufactured by Snap-Tite, Inc., Union City, Pennsylvania. 
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The entry port of the coffin interior is located on top and is closed 
by a sliding plug, as shown in Figure 3. The plug is contained within a 
housing and is driven by a screw which passes through a rotary seal in the 
housing cover plate. Limit switches indicate the position of the sliding plug. 
They also operate interlock circui ts on the fuel-unloading machine to permit 
a subassembly t ransfer to be initiated only when the plug is in the open posi
tion. The screw is driven by a gear motor to permit remote operation of 
the plug. 

The port is sealed by an O-ring located on a plate which is carr ied 
by the sliding plug. The plate can pivot slightly on the plug to permit ac
curate alignment with the sloping underside of the top seal. The upper sur
face of the top seal provides the sealing surface that mates with the O-ring 
seal on the bottom of the fuel unloading machine when the two machines are 
joined. 

Additional equipment i tems in the gas circulation system include 
gauges to measure inlet and outlet p res su res on the rotary blower. The 
normal p ressu re drop through the system when the coffin contains a core 
subassembly is about 1 psi at 30 cfm. The normal maximum pressure in 
the coolant systena is less than 1 psi above atmospheric p ressure . A small 
argon supply tank is provided and can be used to increase the internal p r e s 
sure. This need may a r i se if the p ressu re in the coffin is unusually low 
when the coffin circulation system is disengaged from the fuel unloading 
machine system. Under unusual c i rcumstances it may also be desirable to 
operate the coolant system at slightly higher overall p ressure to increase 
the heat - removal capability. 

An emergency coolant tank will be located near the top of the coffin 
on the bracket shown between valves X and Y. This tank will be filled with 
mercury which can be used to flood the coffin as an emergency coolant 
should the gas circulation system fail while the coffin contains a subassembly. 

There a re two, 3/4-in. drain valves on the coffin which are equipped 
with "Snap-Tite" couplings. The bottom drain valve removes water that r e 
mains in the coffin following the sodium cleanup operation (which is de
scribed in Section III). The upper drain valve is in the external 
gas-circulat ion system and removes solutions added to wash particulate 
sodium oxide from the filter. 

III. OPERATION OF THE INTERBUILDING 
FUEL TRANSFER COFFIN 

A brief description of the fuel t ransfer operation will identify the 
functions of the components of the fuel t ransfer coffin. The principal steps 
in this operation are shown in Figure 5. 





Figure 5 

REACTOR PASSAGEWAY AND MOVEMENT 
OF THE INTERBUILDING FUEL TRANSFER 

COFFIN BETWEEN THE REACTOR AND 
FUEL CYCLE FACILITY 

11 
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After being removed from the reactor , a spent fuel subassembly is 
allowed to cool for 15 days in the sodium pool of the reactor tank. The fuel 
unloading machine, which travels on precision ra i l s , is moved into position 
above the reactor tank loading port. The fuel unloading machine is sealed 
to the flange above the port by means of a spring-loaded O-ring on the bot
tom of the machine. The space between the bottom port of the fuel unloading 
machine and the reactor tank port is purged of air by the argon cleanup and 
cooling system, which works in conjunction with the fuel unloading machine. 
The two ports are opened, and a grapple descends from the fuel unloading 
machine into the reactor tank and engages the top of the subassembly. As 
the subassembly is withdrawn from the sodium pool, the grapple directs a 
s t ream of argon through it to remove the fission-product heat. After a de
lay to permit drainage of sodium from the surface of the subassembly, it is 
drawn completely into the fuel unloading machine and both ports are closed. 
The fuel unloading machine is then driven on its rai ls to the coffin loading 
pit. 

The location, elevation, and orientation of the fuel transfer coffin at 
the loading pit a re extremely cri t ical . The central axis of the fuel transfer 
coffin must coincide with the central axis of the fuel unloading machine. 
The elevation of a subassembly in the coffin must correspond to the full 
descent of the fuel unloading machine grapple. The orientation of a key slot 
in the top of the subassembly must correspond to the orientation of a key in 
the grapple. This last requirement is imposed by the operation of the 
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subassembly handling equipment, within the reactor tank, which can function 
properly only when the subassembly is in the correc t orientation for in
sert ion into the reactor core. 

The positioning of the coffin is fixed by three holes spaced equally on 
the coffin support ring. The support ring r e s t s upon a mounting ring in the 
loading pit, and the three holes engage three, precisely located, mounting 
pins. After the fuel unloading machine is driven into position above the cof
fin, the cor rec t alignment of the two machines is verified by dropping two 
large sliding pins from the fuel unloading machine into locating sleeves on 
the coffin. 

Flexible metal lines from the argon cleanup system are attached to 
valves X and Y. Limit switches on the valve couplings indicate when the 
connection has been properly made and permit actuation of the gas-flow 
switching valves in the cleanup system. Proper rotation of valves X and Y 
permits paral le l flow of argon through the coffin and the coffin circulation 
system. This operation purges air from the coffin atmosphere. 

The fuel unloading machine is sealed to the top of the coffin, and the 
space between the ports is also purged of air . The two ports a re then opened, 
and the grapple lowers the subassembly until it is seated within the coffin. 
During this operation, the subassembly is cooled by argon delivered through 
the grapple. When the grapple re leases the subassembly and is withdrawn 
into the fuel unloading machine, circulation of coolant argon through the sub
assembly is maintained through the paral lel gas-flow paths through the fuel 
unloading machine and the coffin. The two ports a re closed, and the coolant 
flow continues from the gas cleanup system through the coffin. The coffin 
blower is turned on and operates in paral le l with the external cleanup sys
tem. Valves X and Y are then rotated to isolate the coffin from the external 
system, and the gas circulation is maintained entirely by the coffin blower. 
This procedure ensures the uninterrupted flow of argon through the subas
sembly during all phases of the t ransfer operation. 

The fuel unloading machine is then disengaged from the coffin and 
driven away from the loading pit. The gas circulation lines are uncoupled 
from valves X and Y. The coffin is lifted out of the pit by the building crane 
and is placed into the equipment lock. 

The lock is a large, horizontal, cylindrical tank which penetrates the 
wall of the reac tor building containment vesse l . The lock contains a car t 
which c a r r i e s the coffin along ra i l s from one end to the other. At each end 
of the lock a re ver t ica l hatches through which the coffin can pass . The cof
fin is driven to the far end of the lock where a 20-ton hoist lifts the coffin 
out of the lock and places it on a coffin t ransfer car . 
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The transfer car is driven along ra i l s in a passageway which joins 
the Reactor Building to the Fuel Cycle Facility. Jus t outside the Fuel Cycle 
Facil i ty is a sodium cleanup station. Here the small amount (about 40 g) of 
sodium that covers the surface of the subassembly is removed to prevent 
burning of the sodium when the subassembly is finally t ransferred into the 
Air Cell of the Fuel Cycle Facility. 

Flexible lines a re connected from the sodium cleanup station to 
valves X and Y and to the bottom drain line. The sodium is converted to 
oxide by the addition of a small amount of moist air to the circulating argon 
system. The oxide is then converted to hydroxide by the further addition of 
nnoist a i r . The hydroxide is then washed away by passing water through the 
coffin cavity. During the washing cycle, the coffin blower is turned off and 
valves X and Y are rotated to isolate the blower and its connecting lines 
from the water s t ream. This prevents damage that may result to the blower 
if the lines contain water when the blower is res tar ted . To rotate valves X 
and Y to isolate the blower, lock pins in the valves must be removed. These 
pins a re placed in the valves to prevent an operator from inadvertently ro 
tating a valve to shut off the blower flow while the blower is running. 

When the coffin interior has been thoroughly washed, the water 
s t ream is replaced by air flow to blow the water from the coffin and to con
tinue cooling the subassembly. Water which is held up in the coffin is 
drained through the bottom outlet. The air flow is continued until the coffin 
interior is dry. Valves X and Y are rotated to permit paral lel flow through 
the coffin from the blower and the external air supply. The blower is 
started, and valves X and Y are rotated to isolate the external air supply. 
The flexible lines a re detached from the coffin, and the car t is driven into 
the high bay a rea of the Fuel Cycle Facility. 

A 20-ton crane lifts the coffin from the car t and places it on a similar 
car t in the basement of the building. This car t is driven into an area under
neath a shielded cell, called the Air Cell. A shielding plug in the floor of the 
Air Cell is set on top of the coffin to prevent exposure of operating personnel 
to radiation. The sliding plug in the coffin is opened, and an air-cooled 
grapple is lowered through the floor plug opening to grasp and ra i se the sub
assembly into the cell. The subassembly is then placed in a dismantling 
machine where disassembly takes place. 

After the fuel mate r ia l has been processed and a new subassembly 
has been fabricated, it is returned to the reac tor by following the above pro
cedure in r e v e r s e . Since no sodium has to be removed, the sodium clean
up procedure is by-passed. 
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IV. HEAT EXCHANGER AND INSERT TUBES 

The use of the fixed, center- tube, heat exchanger and removable in
ser t tubes contributes significantly to the simplicity and flexibility of the 
fuel t ransfer coffin. These items will be described in greater detail below. 

The heat exchanger consists of an annular tube, with longitudinal 
fins, which surrounds the fixed center tube of the coffin, as shown in Fig
ure 2. The outer wall of the heat exchanger was fabricated from four flat 
sections of s tainless steel. The fins were milled out of the flats and rolled 
into semic i rcu lar lengths. Two lengths were joined by longitudinal welds 
to form the upper half of the finned section, and the other two were similarly 
joined to form the lower half. The two halves were then aligned and joined 
by a circumferent ial weld. The inner wall of the heat exchanger is a smooth, 
thin-walled tube, joined to the finned tube at the top and bottom. Openings 
a re provided at the bottom of the heat exchanger to permit the coolant gas 
to flow from the center tube into the finned annulus. The overall length of 
finned surface is approximately 8 ft, and the OD is 5-1/2 in. The annular 
finned a rea has a minor diameter of 4 in. and a major diameter of 5-1/4 in. 
and contains 72 fins l /4 in. high and about l / lO in. wide. The total, finned-
wall heat t ransfer surface is approximately 33 sq ft. The 3-5/8-in.-ID, 
fixed tube forms the inner wall of the heat exchanger and holds the replace
able insert tube. 

As shown in the enlarged views of Figure 2, the inner tube is welded 
at the top of the heat exchanger assembly. At the bottom, the tube is free to 
move slightly within a retaining sleeve. This design was selected to avoid 
high thermal s t r e s se s which might resul t from large differences in temper
ature between the inner and outer walls of the heat exchanger. In addition, 
the assembly was s t r e s s - r e l i eved to reduce further the possibility of d is 
tortion caused by heating. 

An inser t tube has two pins at the bottom which fit into locating holes 
in the bottom plate of the heat exchanger to properly orient the insert tube 
within the coffin. The upper edge of the insert tube forms a gas seal with 
the inner wall of the fixed tube. The interior of the insert tube receives the 
subassembly and contains a hexagonal collar to orient the subassembly within 
the tube, and a seal section which prevents flow of gas coolant around the ex
ter ior of the subassembly. The manner in which a core subassembly is 
oriented and sealed within the inser t tube is shown in Figure 2. At the bot
tom of the inser t tube is a horizontal bar , which is straddled by the fork at 
the bottom of the subassembly. This bar prevents the subassembly from 
fully entering the inser t tube if it is 60 or 120° out of proper radial orienta
tion. The bar also is used to lift the inser t tube out of the coffin when it is 
to be replaced by a different inser t tube. 
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Proper positioning and orientation of the subassembly within the 
inser t tube required that c learances be kept close. Under such conditions, 
slight distortion of the inser t tube might result in binding between the tube 
and the subassembly. To reduce this r isk, the insert tubes were s t r e s s -
relieved by being heated for two hours at 500°F while suspended in a 
vert ical position. 

Three different insert tubes a re used to accommodate the seven 
types of subassemblies that may be t ransferred in the coffin. The inser t 
tube shown in Figure 2 can accept four types of subassemblies which con
stitute more than 90% of the t ransfers to be made. These are identified 
as core, outer blanket, inner blanket, and blanket region core subassem
blies. The core subassembly contains 91 fuel pins and generates the 
greatest amount of fission-product heating (1.22 kW total). The other two 
inser t tubes accommodate control and safety subassemblies. These sub
assembl ies contain 61 fuel elements, identical to the 91 elements in the 
core subassembly. The smaller number of elements resul ts in heat 
generation approximately 70% of that generated in the core subassembly. 

To prevent hold-up of water in an inser t tube above the seal and 
outside the subassembly, drain holes a re provided just above the seal. In 
the inser t tubes used for core and safety subassemblies, one 3 / l6 - in . -d iam 
drain hole is provided. This hole will permit about 10% of the coolant gas 
to bypass the inter ior of the subassembly. Since a control subassembly 
has much smaller orifices than the core and safety subassemblies, the 
p r e s s u r e drop at a given flow rate would be much greater . Since this con
dition might overload the blower system, two drain holes were provided to 
reduce the gas flow through the subassembly. Approximately 75% of the 
circulating gas will pass through a control subassembly. This flow is 
adequate to remove the smaller amount of heat generated. 

The use of the inser t tubes and the combination of orienting fixtures 
and seals ensure that a subassembly will be correct ly located within the 
coffin and that the coolant gas will be directed down through the interior of 
the subassembly and up through the heat exchanger. The use of fins on the 
gas side t r ip les the heat transfer area of this surface. The metal side is 
bonded to the shielding lead to eliminate gas film res is tance . Thus, only 
a single gas-f i lm res is tance to heat t ransfer is encountered. The a r range
ment also pe rmi t s the large mass of shielding lead to function as a nearly 
ideal heat sink. 

The coffin was filled with lead in a manner which ensured a high-
quality bond to the heat exchanger and good contact with the external wall 
of the coffin. Before installation in the coffin shell, the outer wall of the heat 
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exchanger was heavily tinned. Six pieces of 3-in. s t ructural steel angle each 
12 in. long were welded to the inner surface of the coffin shell to anchor the 
lead. Bonding of the lead to the outer shell to enhance heat transfer is not 
near ly as c r i t ica l as is the bonding to the heat exchanger. (Heat flux through 
the outside wall is much less than at the heat exchanger.) Nevertheless, the 
entire inside surface of the shell was sandblasted to remove the scale which 
is found on hot-rol led plates. 

Because of the internal piping and other s t ructural obstructions at 
the top of the coffin, the lead was poured with the coffin inverted. The entire 
assembly was preheated for 24 hr at 500°F. The lead was alloyed with 
0.025% of calcium to minimize shrinkage, increase adhesion, and provide 
desired pouring charac te r i s t i c s . The lead was pumped from the melting vat 
in a continuous pour and was constantly "rodded" to aid the escape of gas 
bubbles and to improve bonding at the walls. When the lead had solidified, 
the surface was scraped flat and the bottom cover plate was welded on. 
After cooling, the coffin was inverted to its normal position. 

The total fission heat output of a subassembly is 1.22 kW or 4300 Btu/ 
hr. In addition to absorbing this heat, the lead must absorb the friction and 
compression heat t ransfe r red to the coolant gas in the circulating blower. 
This will be about 1000 Btu/hr under the maximum blower speed of 1450 rpm. 
Thus the t empera ture r i s e in the shielding lead will be about 4 .5yhr .* Since 
a normal t ransfer operation will require less than 4 hr, the total tempera ture 
r i se in the coffin lead will be less than 18°F. Under unusual c ircumstances, 
when a subassembly might be stored for extensive periods of t ime, heat loss 
from the large surface of the coffin to the surrounding atmosphere will p re 
vent excessive tempera tures in the lead. 

The low rate of tempera ture r i se in the lead resul ts in essentially 
constant lead tempera ture along the heat exchanger. As a result , maximum 
tempera ture difference is maintained at the hot-gas inlet end which produces 
high heat - t ransfer r a t e s . This condition resul ts in essentially uniform 
exhaust-gas tempera ture , even though variat ions in subassembly heat output 
or gas flow may occur. 

The cooling capacity of the coffin was tested using a mock fuel sub
assembly in which the 91 fuel pins were replaced by res is tance heaters to 
simulate fission-product heating. Thermocouples were attached to several 
pins to measure t empera tu res during the test . It had been demonstrated in 
other tes t s , and it was confirmed in this test , that the highest pin tempera ture 

•Weight of lead = 36000 lb 
Heat capacity of lead = 0.033 Btu/°F/ lb 
Total heat input = 5300 Btu/hr 

5300 . -„„ /, 
Tempera ture r i se = 3^000x0.033 = ^'^ ^ / ^ ^ 
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o c c u r s a t t h e b o t t o m of t h e c e n t e r p i n . A s a d e s i g n s p e c i f i c a t i o n f o r t h e 

c o f f i n , t h e m a x i m u m t e m p e r a t u r e of t h i s p i n w a s l i m i t e d t o 6 0 0 ° F . ( T h i s i s 

a c o n s e r v a t i v e l i m i t s i n c e p i n t e m p e r a t u r e s i n t h e r e a c t o r w i l l b e g r e a t e r 

t h a n 1 2 0 0 ° F . T h e r e l a t i v e l y l o w , l i m i t i n g p i n t e m p e r a t u r e i n t h e f u e l c o f f i n 

a l l o w s t i m e t o p r o v i d e e m e r g e n c y c o o l i n g s h o u l d t h e b l o w e r s y s t e m f a i l . ) 

T h e t e s t s w e r e c o n d u c t e d a t v a r i o u s h e a t i n g r a t e s a n d g a s f l o w r a t e s 

u s i n g a i r o r a r g o n a s t h e c o o l a n t g a s . E a c h t e s t a t a g i v e n h e a t i n g r a t e a n d 

f l o w r a t e w a s c o n t i n u e d u n t i l e s s e n t i a l l y c o n s t a n t t e m p e r a t u r e w a s r e a c h e d 

i n t h e c e n t e r p i n . T h e r e s u l t s of t h e s e t e s t s a r e s h o w n i n F i g u r e 6 a n d 

d e m o n s t r a t e m o r e t h a n a d e q u a t e c o o l i n g c a p a c i t y u n d e r o p e r a t i n g c o n d i t i o n s . 

( T h e s e t e s t s w e r e m a d e b e f o r e t h e d r a i n h o l e w a s d r i l l e d i n t h e s u b a s s e m b l y 

i n s e r t t u b e . T h e g a s f l o w r a t e t h r o u g h t h e s u b a s s e m b l y w a s 1 0 0 % of t h e g a s 

d e l i v e r e d b y t h e b l o w e r . I n t h e p r e s e n t d e s i g n , o n l y a b o u t 9 0 % of t h e d e 

l i v e r e d g a s w o u l d p a s s t h r o u g h t h e s u b a s s e m b l y . H o w e v e r , a s s h o w n i n 

F i g u r e 6, t h i s s l i g h t r e d u c t i o n i n g a s f l o w r a t e w o u l d r e s u l t i n o n l y a s m a l l 

i n c r e a s e i n m a x i m u m p i n t e m p e r a t u r e . ) 

Figure 6 

HEAT REMOVAL PERFORMANCE TESTS ON 
INTERBUILDING FUEL TRANSFER COFFIN 

(Resistance-heated core subassembly used to simulate 
irradiated subassembly. Coolant: air or argon.) 

ARGON-20 scfm 

847 U70 1545 

-H L_HJ LH 
500 1000 2000 
HEAT INPUT TO SUBASSEMBLY.wotts 
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; V. SAFETY FEATURES 

The principal concern in the operation of the fuel transfer coffin is 
continuous removal of fission-product heat. Because it is impossible to 
provide for direct measurement of pin temperatures in an actual subassem
bly, the adequacy of cooling can be determined only by inference. The a s 
sumption is made that if the blower is operating, the coolant gas will be 
delivered to the subassembly. To date it has not been held necessary to 
have constant indication of blower speed since speeds of 1000 to 1400 rpm 
a re considered adequate. Since the speed is directly related to voltage in
put to the motor, a voltmeter is connected to the motor circuit . The nickel-
iron cells a re considered sufficiently reliable so that available operating 
time can be predicted, and adequate warning of approaching discharge would 
be given by a drop in voltage. Under such circumstances, the emergency 
motor -genera tor can be connected to the motor. 

A subassembly might not seat properly on the seal in the insert tube. 
In such a condition, if a substantial amount of coolant gas is by-passing the 
subassembly, this would be indicated by a decrease in the pressure drop in 
the circulating system. 

A thermocouple is provided at the bottom of the fixed center tube at 
the point where coolant gas froin the insert tube discharges. During the 
hea t - t ransfer tes t s , this thermocouple gave tempera ture readings indicating 
a gas t empera ture r i se approximately two-thirds of that expected on the 
basis of heat balance. This is because the thermocouple may not have been 
located at the optimum point in the gas s t ream, and because no correction 
was made for radiant heat loss from the thermocouple to the cooler sur
rounding walls. 

The possibility of the sudden loss of forced coolant as a result of 
breakage of the drive belt or failure of the motor, blower, or battery has 
been considered. The loss of all coolant flow would resul t in a r i se in fuel-
pin t empera ture at a ra te dependent upon the fission-product heat output m 
the subassembly. To determine the t ime available for remedial action, 
t es t s were made with the mock fuel subassembly to measure temperature 
r i s e at var ious heating ra tes , (it was established, before these tes ts were 
made, that the heat capacity of the mock assembly was essentially equal to 
the heat capacity of an actual fuel subassembly.) Tempera ture r i se was 
measured by a thermocouple located at the center of the cluster of 91 heated 
pins. The tempera ture r i se at various heating ra tes is shown in Figure 7. 

For any given heating ra te , the t ime available for emergency action 
would depend upon the maximum pin tempera ture at the t ime of coolant fail
ure and the maximum tempera ture to which the pin may be allowed to go. 
The tempera ture of the hottest pin is determined by fission heating rate and 
gas coolant ra te . The coolant ra te selected in Table I is 20 scfm air , which 
is about average for the various flow conditions that may exist. 
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INTERPOLATED FOR 2 % 
BURNUP, 15-DAY COOLED CORE 
S U B A S S E M B L Y d -

F i g u r e 7 

T E M P E R A T U R E RISE IN 
F U E L SUBASSEMBLY 

WITHOUT F O R C E D COOLING 

(Tes t m a d e wi th r e s i s t a n c e -
h e a t e d , m o c k fuel s u b a s s e m b l y ) 

Tab le I 

T E M P E R A T U R E RISE IN F U E L SUBASSEMBLY WITHIN F U E L 
T R A N S F E R C O F F I N , FOLLOWING LOSS OF COOLANT 

T e s t m a d e wi th r e s i s t a n c e - h e a t e d , m o c k fuel s u b a s s e m b l y 

H o t t e s t P i n 
Temp, a t T i m e T ime (min) for Temp, to R i se to 

F i s s i o n H e a t 

(w) 

1170 
1050 

825 
350 

of Coolan t 
F a i l u r e ( 

360 
340 
290 
175 

opja 600°F 

3.2 
4.6 
6.8 

26 

1000°F^ 

9.2 
13 
23 

>7 5 

1Z00°F^ 

11 
>20 
>30 

» 7 5 

^ P i n t e m p e r a t u r e b a s e d upon coo lan t flow r a t e equ iva l en t to 
20 sc fm a i r . 

^ E x t r a p o l a t e d v a l u e s . T e m p e r a t u r e r i s e w a s m e a s u r e d only to 
600°F. C u r v e s w e r e e x t r a p o l a t e d beyond 600°F a t a p p r o x i m a t e l y 
the s a m e s lope a t wh ich the c u r v e s c r o s s e d the 600°F o r d i n a t e . 
The t i m e s shown a r e t h e r e f o r e c o n s e r v a t i v e . 

The e x t r e m e t e m p e r a t u r e tha t the h o t t e s t p in m a y be p e r m i t t e d to 
r e a c h is t a k e n a s 1200°F s ince t h i s i s abou t the t e m p e r a t u r e to wh ich the 
s u b a s s e m b l y w a s sub jec ted in the r e a c t o r . If c o r r e c t i v e a c t i o n m u s t be 
t a k e n b e f o r e the h o t t e s t pin r e a c h e s 1000°F, a t l e a s t 13 m i n u t e s i s a v a i l a b l e 
when a full 2 a / o bu rnup s u b a s s e m b l y is in the coffin. This w i l l p r o v i d e 
a d e q u a t e t i m e to r e p l a c e a b l o w e r be l t or to r e p l a c e the b a t t e r y p o w e r 
supply wi th the m o t o r - g e n e r a t o r p o w e r supply . 
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To date no provision has been made to supply coolant gas to the c i r 
culating system if the motor or blower should fail. Under such c i rcum
s tances , emergency cooling will be provided by filling the coffin interior 
with mercury . A tank filled with mercury is car r ied on the coffin mounted 
on the brackets shown between valves X and Y in Figure 1. A manually 
operated valve in the drain line from this tank is opened to discharge the 
mercu ry into the coolant gas exit line as shown in Figure 3. The mercury 
will fill the interior of the subassembly, the insert tube, and the heat ex
changer. Heat from the fuel pins will then flow directly through the mercury 
and the steel tubes into the shielding lead. Calculations have shown that 
when the subassembly is coated with sodium, the heat of reaction between 
the sodium and mercu ry is easily absorbed by the mercury . For a typical 
case (core burnup 2 a /o , 15 days cooled), where the core is assumed to 
reach 700°F due to coolant failure, the addition of the mercury would cause 
a rapid t empera ture decrease to 340°F with a subsequent steady-state 
t empera ture of about 125°F upon prolonged storage in the coffin. Replace
ment or repai r of the motor or blower can then be made, and the new sys 
tem can be tes ted without disturbing the contents of the coffin. 

The m e r c u r y can be drained from the coffin into a sealed receiver at 
the sodium cleanup station. Mercury that clings to the subassembly can be 
removed by flushing water through the coffin. After the subassembly has 
been removed from the coffin into the Air Cell, the coffin can be washed 
with ni t r ic acid to remove the remaining mercury . 

The operation of the coffin in conjunction with the fuel unloading 
machine has been tes ted sat isfactori ly with i r radia ted, sodium-coated, 
fuel subassembl ies . Similar ly, the performance of the coffin through its 
various t ransfer steps (including sodium cleanup) has also been tes ted 
satisfactori ly. The alignment of the coffin with the Air Cell floor shield 
has been established sat isfactori ly. The remote-opera t ing grapple has 
been used successfully to t rans fe r subassembl ies into the Air Cell. 

VI. SUMMARY 

The EBR-II Reactor at the National Reactor Testing Station in Idaho 
operates on a closed fuel cycle. Fuel subassembl ies a re removed from the 
reac tor core after undergoing 2 a /o burnup in 135 days. Following a 15-day 
cooling period, a subassembly is removed from the r eac to r vesse l and 
t r ans f e r r ed to the adjoining Fuel Cycle Faci l i ty . Here the subassembly is 
d isassembled; the fuel mater ia l is par t ia l ly decontaminated in a me l t -
refining operation, and new subassembl ies a re fabricated and re turned to 
the Reactor Building. 

A fuel unloading machine removes a subassembly from the r eac to r 
vesse l and then t ransfers the subassembly to the fuel t r ans fe r coffin. The 
coffm is a 20-ton, lead-shielded cask, which c a r r i e s the subassembly to the 
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Fuel Cycle Facil i ty. Approximately 1 kW of fission-product heat is developed 
within a subassembly. This heat is removed by a circulating s t ream of argon 
which passes through the subassembly, and then through an internal heat ex
changer which t ransfe rs the heat to the lead shielding. The gas is circulated 
at 20-30 cfm by a lobe-type blower whichis drivenby a l - l /4-hpmotor powered 
by high-capacity, nickel- iron, alkaline cells which are carr ied on the coffin. 

The coffin must pass through an equipment lock and then be carr ied 
on two separate ca r t s to reach its unloading position in the Fuel Cycle F a 
cility. At a cleanup station along the route, a coating of sodium, which r e 
mains on the subassembly when it is extracted from the reactor , is removed 
within the coffin. 

The coffin is equipped with quick-disconnect couplings and three-way 
plug valves to permi t circulation of gas from its own blower or from an ex
ternal source. 

The hea t - removal capability of the coffin has been successfully dem
onstrated with a mock subassembly containing heating elements in place of 
fuel pins. 

The t ransfer of radioactive subassemblies between the coffin and the 
fuel unloading machine has been successfully demonstrated. The sodium-
removal procedure has been tested satisfactorily, and the remote-operat ing 
grapple has been used successfully to t ransfer subassemblies into the Air 
Cell. 
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